Anthers of Triticum aestivum L, cv. Chinese Spring and of some Japanese and Chinese wheat cultivars were cultured on the N6 basal medium supplemented with inositol, glutamine, serine and 2, 4-D after the treatment with low temperature (5°C) for 7 days. Haploid calluses were obtained from the pollen of Chinese Spring, Orof en, Dansheng 15 and (Orof en x Hsiaoyen)F1i and were maintained by continuous subcultures, in which calluses were transferred once for every 30 to 40 days on the PM-64 basal medium supplemented with 2 mg Jl of 2, 4-D. Many regenerated plantlets were obtained on the RM-64 basal medium supplemented with 1 mg Ji of IAA and kinetin. The regenerated plants were mostly haploid and green. A few plants from Orofen and Dansheng 15 were diploid. The haploid calluses remained capability of differentiation to plantlets for about a year, and normal plants were restored from them. These haploid calluses from wheat pollen may be useful in mutant selection studies.
INTRODUCTION
Haploid plants of wheat have been obtained by means of anther culture (Ouyang et al. 1973; Picard and DeBuyser 1973; Craig 1974; Heszky and Mesch 1976; Schaeffer et al. 1979) . The anther culture technique has been used for breeding new wheat varieties in China (Hu 1978) . However, there are many problems about anther culture of wheat ; the success of anther culture is limited in a few varieties (Heszky and Mesch 1976) , and the frequency of haploid plants obtained is too low to be used in the practical breeding (Craig 1974) . Shimada and Makino (1975) carried out anther culture of Chinese Spring wheat and its aneuploid of A genome chromosomes, getting only one pollen callus from nulli-2A anther.
Recently the methods of anther and pollen culture have been improved : Chu (1978) reported the N6 medium resulting in higher frequency of pollen plants in cereals. Nitch (1977) reported increased frequencies of haploids from Nicotiana by cold shock and by supplement of some amino acids.
The present investigations aimed to clarify the effects of cold treatment 
MATERIALS AND METHODS
Triticum aestivum L, cv. Chinese Spring was mainly used. The following cultivars were also used ; Orof en, Dansheng 15 and (Orof en X Hsiaoyen) Fl among Chinese cultivars, and Nobeokabozu and Normn 26 among Japanese ones.
Ears in which anthers contained microspores at the middle to late uninucleate stage, were cut off and maintained at 5°C for 0-7 days in a refrigerator. The ears were sterilized for 3 minutes in 70% alcohol and rinsed with sterilized distilled water. Ten anthers were placed in a 18 X 180 mm test tube containing 10 ml of the N6 basal or RM-64 basal agar slant medium (Linsmaier and Skoog 1965) supplemented with 2,4-D, kinetin, inositol, glutamine and serine. Sucrose was added 50 g/1 to the medium.
The test tubes were incubated at 25-28°C under continuous fluorescent illumination.
After 4 weeks, some pollen grains produced calluses, which were subcultured on the RM-64 basal medium supplemented with 2 mg/1 of 2, 4-D. To get regenerated plantlets, the calluses were transferred to the RM-64 basal medium supplemented with 1 mg/1 of IAA and kinetin.
For chromosome counting, calluses and root tips of regenerated plantlets were pretreated in cold water (0°C) for 24 hours, then fixed with Carnoy's solution (3 :1 acetic alcohol), hydrolyzed with 1 N HCl (60°C) and stained with Feulgen's leuco-basic f uchsin.
RESULTS
After 7 days of cold treatment, anthers of each cultivar were cultured on two kinds of media : the N6 basal medium supplemented with 500 mg/1 of inositol, 100 mg/1 of glutamine, 100 ml/1 of serine and 2 mg/1 of 2, 4-D (called A medium), and the N6 medium supplemented with 100 mg/1 of inositol, 2 mg/1 of 2, 4-D and 0.5 mg/1 of kinetin (B medium). After 3 weeks of incubation, only a few calluses were derived from the pollen, which were obviously different from those derived from anther filaments in their morphology and color (opaque white) (Fig. 1) . The frequency of anthers producing the pollen callus after a month of incubation is shown in Table 1 . Of 101 anthers of Chinese Spring in the A medium, three pollen calluses were obtained, while none in the B medium. No anther of Normn 26 and Nobeokabozu formed the pollen callus. Dansheng 15 and Orof en showed high frequencies of anthers forming the pollen callus on both the A and B medium. In these two cultivars, more than one pollen grain seemed to have developed the callus in single anthers, producing large callus clusters from them. N6 basal medium+500 mg/l inositol+100 mg/l serine+100 mg/l glutamine+2 mg/l 2,4-D N6 basal medium+100 mg/l inositol+2 mg/l 2,4-D+0.5 mg/l kinetin, N6 basal medium +500 mg/i inositol +100 mg/i serine +100 mg/l glutamine + N6 basal medium+100 mg/l inositol+2 mg/l 2,4-D+0.5 mg/d kinetin. RM-64 basal medium +2 mg/l 2,4-D. To test the effects of media and of cold treatment on pollen callus formation, anthers of Chinese Spring were cultured after the cold treatment for 0 to 7 days on three kinds of media, A, B and C medium. The C medium was the RM-64 basal medium supplemented with 2 mg/1 of 2, 4-D. The resuls are shown in Table 2 . Anthers of 0.8 to 3.0% developed the pollen callus on the A medium after cold treatment for 7 days in 3 of 4 experiments.
Any pollen callus was not obtained on the B and C medium, and also on the A medium without cold treatment.
All these calluses were subcultured on the RM-64 basal medium containing 2 mg/l of 2, 4-D. They grew vigorously and developed green stops (Fig. 3) , appearing similar to the cultures derived from young embryos (Shimada and Yamada 1979) or stems (Shimada 1979) . When transferred to the RM-64 basal medium supplemented with 1 mg/1 IAA and kinetin, these calluses formed many shoots and roots (Fig. 3) . Most regenerated plantlets were green. The albino plantlet was rarely obtained.
The chromosome numbers of some regenerated plants were determined in using root tip cell. The results are shown in in a root tip cell of a diploid plant regenerated 15, most plants were haploid with a few diploid plants (Fig. 4) . One plant from Dansheng 15 was mixoploid and could not grow over 10 cm high and died soon. Haploid and diploid plants grew till maturity (Fig. 5) . Diploid plants of Orof en set seeds, but that of Dansheng 15 did not. The haploid calluses could be proliferated by continuous subcultures on every 30th or 40th day on the same medium. They maintained the ability to differentiate the shoot at least for one year.
DISCUSSION
With Chinese Spring and Chinese wheat cultivars the pollen callus could be successfully induced. On the other hand, with two Japanese wheat cultivars, Normn 26 and Nobeokabozu, no pollen callus was obtained. An apparent difference on the ability of producing the pollen callus that appears to be present among the cultivars may depend upon the genotypic differences. Similar results have been already reported many workers (Heszky and Mesch 1976; Schaeffer et al. 1978; and others) .
Previously, we could not get any pollen callus from Chinese Spring except a single pollen callus from its nulli-2A, using the RM-64 basal medium supplemented with 2 mg/l of 2, 4-D (Shimada and Makino 1975) . In the present investigations, about 2.0% of anthers of Chinese Spring formed the pollen callus on the N6 basal medium supplemented with 100 mg/l of glutamine, 100 mg/l of serine, 500 mg/1 of inositol and 2 mg/1 of 2, 4-D after cold treatment (5°C) for 7 days. Therefore, we can conclude that the medium and the cold treatment were effective to induce the pollen callus. In Orof en and (Hsiaoyen X Orof en) Fl, higher frequencies of the pollen callus were reported by Chuang et al. (1978) , using different media that used in the present experiment. The potato medium containing potato extract was reported to be more effective in the induction of wheat pollen callus (Chuang et al. 1978; Schaeffer et al. 1979) . It suggests some possibility to establish a suitable medium to get the pollen callus from Japanese wheat cultivars.
Plants restored from the pollen callus often became albinotic in various cereals. However, many green regenerated plants were produced with few albinos in the present investigation. This is probably due to the selective transfer of the calluses having green spots to a regeneration medium.
The pollen callus of Chinese Spring produced only haploid plants, but those of Orof en and Dansheng 15 did some diploid plants. This fact indicates that there are differences among the cultivars on the stability of chromosome constitution of the callus. In Chinese wheat cultivars, Hu et al. (1978) observed that the predominating chromosome number of pollen callus cells changed from the haploid to diploid number during in vitro culture. The variabilities on the chromosome constitution of the callus and regenerated plant during long term subculture of the present pollen calluses are under investigation.
Anyhow, they are producing haploid plantlets after having been subcultured for a year. Thus, these haploid calluses may be useful in mutant selection studies.
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